Background: Osteoarthritis (OA) is a chronic disease that commonly afflicts the elderly. This disease reduces the health-related quality of life (HRQoL) and causes a significant social burden. Whether the effect of coexisting chronic conditions on HRQoL varies according to the presence of OA remains unclear. Therefore, this study aimed to investigate this notion. Methods: A total of 13,395 participants were identified from the 2009-2013 Korean National Health and Nutrition Examination Survey for analysis. HRQoL was assessed using the European quality of life-5 dimensions (EQ-5D) index. Patients with OA were defined as those diagnosed by a physician or those who displayed both, symptoms and radiological findings consistent with OA at the time of the survey. Associations between OA and 8 chronic conditions were tested using regression analysis. Results: The EQ-5D index was lower in patients with OA than in those without (mean difference, -0.145; 95% confidence interval [CI], -0.138 to -0.151; P<0.001). Most patients with OA and chronic conditions showed a lower score than those without. EQ-5D was particularly lower in OA patients with hypertension, dyslipidemia, stroke, and renal failure. The estimated β coefficient for the interaction term was significant in renal failure (-0.034; 95% CI, -0.055 to -0.012), after adjusting for demographic and socio-economic variables. Conclusion: OA significantly affects HRQoL of Korean elderly individuals alone or when combined with other conditions. OA combined with renal failure is particularly detrimental. These results indicate the importance of managing OA, which is an underestimated disease in public health surveys.
INTRODUCTION
Individuals aged 65 years or older comprise 7.2% of the total population of Korea; their proportion is expected to increase to 14% by 2018. 1) Osteoarthritis (OA) is a common age-related chronic disease that affects 10.7% of the entire population; its prevalence increases with age, afflicting 17.1%, 27.3%, 31.5%, and 34.5% of those in their 50s, 60s, 70s, and 80s, respectively. 2) OA causes pain and physical disabilities. It has been shown to be a leading cause of long-term physical and mental health problems in the elderly, thus reducing the health-related quality of life (HRQoL). [3] [4] [5] Costs for treating OA in Korea have reached 2,142 billion won annually, significantly increasing the social burden. 6) In terms of cost of medical management, OA is the second highest following hypertension. 6) As a population ages, the number of patients with chronic comorbidities increases; 40%-56% of the Korean population aged 65 years or older was found to have chronic multimorbidities. 7, 8) Such multiple chronic conditions are associated to a reduced HRQoL, including increased hospitalization, re-hospitalization, and mortality. 9) A study
showed that the quality of life of OA patients decreases in most cases when accompanied by other chronic diseases; this suggests an additive relationship. 10) Treatment of OA requires continued management, as it is often not curable. However, patients with OA often do not seek appropriate treatment, as they consider pain and stiffness of the musculoskeletal system to be consequences of aging, not symptoms of a disease.
11)
Studies on OA in Korea to date have mostly focused on its prevalence and risk factors. A few studies have investigated the effect of OA on the deterioration of the quality of life in patients with multimorbid chronic conditions. Therefore, this study aimed to investigate the effect of OA on HRQoL in Korean elderly individuals using data from the Korean National Health and Nutrition Examination Survey (KNHNES).
The study also sought to provide evidence regarding the importance of managing OA, which is an underestimated disease, by examining whether patients with chronic conditions experience additional adverse effects because of the presence of OA.
METHODS

Subjects
This study was exempted from review by the Institutional Review In the KNHNES population, OA-diagnosing radiography on the hip and knee joints was performed for those 50 years or older. Therefore, subjects under 50 years of age or those who did not respond to the health interview survey were excluded from this study. A total of 13,395 participants were finally included. 
Variables
3) Comorbidity
Diagnoses of asthma, depression, stroke, myocardial infarction, or ischemic heart disease were based on the responses to the KNHNES questionnaire. Asthma and depression were recorded if they afflicted the participants at the time of the interview. Stroke, myocardial infarction, and ischemic heart disease were based on historical medical di- Patients with diabetes were defined as those who were diagnosed by a physician during the basic examination survey. Those who were taking oral hypoglycemic agents or insulin, had a fasting blood sugar level of 126 mg/dL or greater, or had a hemoglobin A1c level of 6.5% or higher after more than 8 hours of fasting in the examination survey were also deemed to have diabetes. Patients with dyslipidemia were defined as those who were diagnosed by a physician or were taking lipid-lowering agents, had total cholesterol levels ≥240 mg/dL, had low-density lipoprotein cholesterol levels ≥160 mg/dL after more than 8 hours of fasting, or whose triglyceride levels were >200 mg/dL after more than 12 hours of fasting. Patients with renal failure were defined as those who were diagnosed by a physician during the basic examination survey or who exhibited a glomerular filtration rate <60 mL/ min/1.73 m 2 as calculated with the Cockroft-Gault formula using body weights and creatinine levels acquired during the examination survey.
4) Assessment of health-related quality of life
The European quality of life-5 dimensions (EQ-5D) was used for HRQoL assessment. Based on the questionnaire responses to whether any problems exist in the 5 dimensions of health (mobility, self-care, routine activities, pain/discomfort, and anxiety/depression; each scored as "no", "moderate", or "extreme"), the EQ-5D was weighed as previously reported in 2007. 13) The highest EQ-5D index score of 1 indicates a perfect health condition, whereas a lower score is interpreted as a lower quality of life. The use of the EQ-5D as an assessment tool for HRQoL in patients with OA has previously been validated.
14)
Data Analysis
The raw KNHNES data were integrated and reflected by the weights suggested in the guideline for raw data analysis to project the survey participants as representative of the entire Korean population. To investigate HRQoL data according to demographic and health factors, we divided the participants according to the presence or absence of
OA to obtain the mean EQ-5D index. Subsequently, a chi-square test was performed.
Linear regression analysis was conducted to determine the effect of OA combined with each of the 8 chronic diseases on HRQoL and to assess the interaction between OA and these chronic diseases by obtaining the β coefficient and a 95% confidence interval (CI). Model 1 evaluated for the interaction term between OA and each of the chronic conditions. Model 2 added sex and age; model 3, socio-economic factors; and model 4, the remaining factors described above. STATA ver.
14.0 (Stata Corp., College Station, TX, USA) was used for all the analyses. P<0.05 was considered statistically significant. No association was found between smoking or health insurance and the EQ-5D index. However, those who were older in age, female, of low household income or low education level, unemployed, living alone, without private insurance, and living in eup/myeon showed a lower EQ-5D index.
RESULTS
Among
The quality of life was lower in those who had chronic conditions and OA than in those with chronic diseases only. The combination of chronic conditions and OA produced an additive relationship with respect to diabetes and depression, but a subtractive relationship with respect to cardiovascular disease and asthma. The combination of OA and 4 diseases (hypertension, dyslipidemia, stroke, and renal failure)
showed a synergistic relationship with a lower-than-expected EQ-5D
( Table 1 ).
The β coefficient for the interaction term was significant only in renal failure and remained so after adjusting for demographic and socioeconomic variables (model 4: β coefficient for interaction term, -0.034; 95% CI, -0.055 to -0.012) (Table 2, Figure 1 ). All data are weighted. P-value from chi-square test for categorical variables. EQ-5D, European quality of life-5 dimensions; OA, osteoarthritis; SD, standard deviation.
DISCUSSION
To the best of our knowledge, this study is the first to investigate the effect of OA, either independently or combined with individual chronic conditions, on the quality of life in elderly Korean individuals. We posit that patients with OA experienced decreased HRQoL owing to the fact that OA causes pain, physical disabilities, decreased mobility and function, and mental health problems. [3] [4] [5] [6] These, in turn, were revealed in the change of the EQ-5D index. The change in HRQoL is also likely attributable to the comorbid chronic conditions; the decreased quality of life observed with chronic comorbidities mostly showed an additive or synergistic relationship, which is consistent with previous studies that assessed the effects of comorbidities in chronic conditions other than OA. 10, [15] [16] [17] The common pathophysiology between renal failure and OA remains unknown. Cohen et al. 18) revealed that 69% of patients with chronic renal diseases experience pain and 55.2% of them have a sleeping disorder. Experiencing pain decreases the quality of life because of depression, disease burden, and decreased fulfillment with life. Meanwhile, sleeping disorder decreases the quality of life because of depression, disease burden, social support, and pain frequency.
Decreased renal function can limit the pain control of patients with OA, and end-stage renal disease is related to decreased HRQoL and increased length of hospital stay. 19) Renal failure combined with OA are likely to produce their synergistic effect because of the propensity of each to produce pain, physical disabilities, and decreased mobility, as well as mental health problems.
The fact that OA combined with cardiovascular disease or asthma produce a subtractive effect is likely because the relative effects of these non-OA comorbidities on the quality of life are severe. Hence, having OA does little to suppress the quality of life further. Furthermore, patients with a very low quality of life were likely to have already died or were not included in the study because of their inability to participate in the questionnaire or examination survey.
The strength of this study lies in the fact that it used data from the KNHNES, which represents the entire Korean population. It is a largescale study that includes data from 2009, when radiography for OA was first introduced in the KNHNES, to 2013, the most recent year in which data were available. However, the locations of affected joints vary; diagnosis of OA is subject to inconsistent definitions and criteria, and radiological examinations are required for clinical confirmation. 20) Controversy also exists over the identification of OA patients, 21 ) because many do not show any symptoms or disabilities even though they are radiologically diagnosed with OA. 22 ) Therefore, we supplemented the criteria for classifying patients with OA to include those newly deemed to have OA based on their symptoms and radiological findings in addition to relying on responses to the self-reported questionnaire for those who had previously been diagnosed with OA.
The limitations of this study are as follows. First, the study did not include information on the severity of OA and comorbid chronic dis- eases, or whether ailments were being treated at the time of the survey.
Second, the definition of patients with OA differed in previous studies and epidemiologic surveys owing to the absence of common criteria for the diagnosis of OA (which is a fundamental problem), making it difficult to compare results. Different definitions and diagnosis criteria were employed due to the difficulties mentioned above; these may contribute to the heterogeneity of the results, including OA estimates. [23] [24] [25] [26] Third, the data may be subject to recollection errors because identification of chronic conditions was based on questionnaire responses. Those who use health services less frequently were not likely to be diagnosed properly. Therefore, this study strictly defined each of the chronic diseases using both the results of the questionnaire combined with the results of the examination survey. Lastly, investigation on the causality between chronic conditions and decreased HRQoL is not possible owing to the limitations of a cross-sectional study. A cohort study is required to investigate causality regarding the health of the elderly population in the future. Moreover, determining whether a combination of 3 or more diseases shows outcomes consistent with what we observed in this study is necessary.
In conclusion, we showed that OA significantly affects HRQoL and exerts a more negative effect when accompanied by other chronic conditions. In particular, the decline in HRQoL is much greater when combined with hypertension, dyslipidemia, stroke, and renal failure.
The results of the present study emphasize the importance of managing OA, as patients with this disease often do not seek medical intervention. The symptoms of this disease are assumed to be due to normal aging, causing the severity and consequences of the disease to be underestimated. ) of osteoarthritis-stratified EQ-5D index scores for chronic health conditions. EQ-5D, European quality of life-5 dimensions; CI, confidence interval; DM, diabetes mellitus; MI, myocardial infarction; IHD, ischemic heart disease; OA, osteoarthritis.
